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Multi-component reactions (MCRs) have emerged as an efﬁ-
cient and powerful tool in modern synthetic organic chemistry
allowing the facile creation of several new bonds in a one-pot
reaction (Nakamura and Yamamoto, 2004). Clearly, for mul-
ti-step synthetic procedures a number of reactions and puriﬁ-
cation steps are among the most important criteria for the
efﬁciency and practicability of the process and should be as
low as possible. The strategy of MCRs especially for the
preparation of heterocyclic compounds is a particularly
attractive ﬁeld in light of the paramount role of these targets
in pharmaceutical chemistry (Negwar, 1994).The synthesis of xanthene derivatives has been received
special attention to chemists because of their wide range of
therapeutic and biological properties, such as antibacterial
(Lambert et al., 1997), antiviral (Hideo and Teruomi, 1981)
and anti-inﬂammatory activities (Hafez et al., 2008). In addi-
tion, these compounds have found wide applications in dyes
(Menchen et al., 2003), laser technologies (Ahmad et al.,
2002) and as pH-sensitive ﬂuorescent materials for visualiza-
tion of biomolecules (Knight and Stephens, 1989). There are
several methods reported in literatures for the synthesis of xan-
thene derivatives including the reaction of aryloxy magnesium
halides with triethyl orthoformate (Casiraghi et al., 1973),
cyclodehydration (Bekaert et al., 1992), trapping of benzynes
by phenols (Knight and Little, 2001), intermolecular phenyl
carbonyl coupling reactions of benzaldehydes and acetophe-
nones (Kuo and Fang, 2001), cyclization of polycyclic aryl tri-
ﬂate esters (Wang and Harvey, 2002) and cyclocondensation
between 2-hydroxy aromatic aldehydes and 2-tetralone (Jha
and Beal, 2004). Although, the preparation of xanthenes has
been achieved via the reaction of various aldehydes and 2-
naphthols by cyclodehydration in the presence of diverse cata-
lysts, such as AcOH–H2SO4 (Sarma and Baruah, 2005), p-TSA
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2007), sulfamic acid-ionic liquid (Wu et al., 2009), iodine (Das
et al., 2006; Fei-Qing et al., 2007), heteropoly acid (Moham-
madpour et al., 2007), silica sulfuric acid (FischerHunnur
et al., 2008), amberlyst-15 (Ko and Yao, 2006), cyanuric chlo-
ride (Bigdeli et al., 2007), LiBr (Saini et al., 2006), CoPy2Cl2
(Madhav et al., 2008), Yb(OTf)3 (Su et al., 2008),
Sc[N(SO2C8F17)2]3 (Hong and Cai, 2009), NaHSO4 (Jaberi
and Hashemi, 2008), Al(HSO4)3 (Shaterian et al., 2007),
P2O5 or InCl3 (Kumar et al., 2010), tetra-n-butylammonium
bromide (TBAB) (Kantevari et al., 2008), nano-TiO2 and
BF3–SiO2 (Mirjalili et al., 2008, 2011). Consequently, the syn-
thesis of benzoxanthene derivatives, with the aim of developing
new drug molecules has been an active area of research. Much
attention has been paid to the development of new methodol-
ogies for the preparation of 14-aryl-14H-dibenzo[a,j]
xanthenes.
Nanotechnology has been one of the most active research
areas in recent years. The reactivity of catalytic nanoparticles
is largely determined by the energy of surface atoms, which
can be easily gauged by the number of neighboring atoms by
the bonding modes and accompanying energies of small mole-
cules to be transformed on the nanoparticles surface (Min
et al., 2008). Due to the non-additive nature of the catalytic
properties of nanoparticles, research in the ﬁeld of nanoparticles
based catalysis has been focused onto the preparation of small
nanoparticles with high surface-to-volume ratios for high cata-
lytic activity. Several reports showed an amazing level of the per-
formance of nanoparticles as catalysts in terms of selectivity,
reactivity, and improved yields of products (Astruc et al., 2005).
Among various metal nanostructures, silver nanoparticles
have received considerable attention because of their unusual
properties and potential applications in diverse ﬁelds (McFar-
land and Van Duyne, 2003). silver iodide nanoparticles, in par-
ticular, being available, require only mild reaction conditions
to produce high yields of products in short reaction times com-
pared to traditional catalysts and can also be recycled (Astruc,
2008). Recently, silver nanoparticles were used as an active cat-
alyst in many reactions including three-component coupling of
aldehyde–amine–alkyne (Zhou et al., 2008), carbon–carbon
coupling reaction (Murugadoss et al., 2009), dehydrogenation
reaction (Shimizu et al., 2009), oxidation reaction (Mitsudome
et al., 2008), Diels–Alder cycloadditions of 20-hydroxychal-
cones (Cong et al., 2010) and synthesis of b-enaminones
(Kushal et al., 2010).
In order to improve more efﬁcient synthetic procedures,
reduce the number of separate reaction steps and minimize
by-products, here we report a novel and mild method for the
preparation of xanthenes via multi-components coupling of
2-naphthol and aryl aldehydes in the presence of silver iodide
nanoparticles (Scheme 1). In the view of recent interest in theOH
+
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Scheme 1 One-pot synthesis of xanthene derivatives in the presenuse of heterogeneous catalysts we have developed AgI
nanoparticles as an inexpensive, non-volatile, recyclable, non-
explosive, easy to handle and eco-friendly catalyst which can
be used in the catalysis of many organic reactions.
2. Experimental
2.1. Materials and methods
Chemicals were purchased from the Sigma–Aldrich and Merck
in high purity. All of the materials were of commercial reagent
grade and were used without further puriﬁcation. All melting
points are uncorrected and were determined in capillary tube
on Boetius melting point microscope. 1H NMR and 13C
NMR spectra were obtained on Bruker 400 MHz spectrometer
with CDCl3 as solvent using tetramethylsilane (TMS) as an
internal standard, the chemical shift values are in d. FT-IR
spectrum was recorded on Magna-IR, spectrometer 550 Nico-
let in KBr pellets in the range of 400–4000 cm1. The elemental
analyses (C, H, N) were obtained from a Carlo ERBA Model
EA 1108 analyzer. Powder X-ray diffraction (XRD) was car-
ried out on a Philips diffractometer of X’pert Company with
monochromatized Ag Ka radiation (k= 1.5406 A˚). Micro-
scopic morphology of products was visualized by SEM (LEO
1455VP). The mass spectra were recorded on a Joel D-30
instrument at an ionization potential of 70 eV.
2.2. Preparation of silver iodide nanoparticles
A solution of 0.415 g KI (25 · 104 mol) in 25 mL distillated
water was added drop wise to AgNO3 solution (0.425 g,
25 · 104 mol in 25 mL distillated water) under ultrasound
power in the presence of 0.2 g SDS as surfactant. The yellowish
as-synthesized precipitate was separated by centrifugation and
washed with distillated water and ethanol for several times to
remove impurities and then dried.
In order to investigate the morphology and particle size of
AgI nanoparticles, SEM image of AgI nanoparticles was pre-
sented in Fig. 1. These results show that spherical AgI nano-
particles were obtained from AgNO3 and KI with particle
size in the range of 40–50 nm under ultrasound power.
Fig. 2 shows the FT-IR spectrum of AgI nanoparticles. The
broad peak at 3436 cm1 and 1628 cm1 can be attributed to
the m (OH) stretching and bending vibrations, respectively.
Therefore, these peaks indicate the presence of physisorbed
water linked to nanoparticles, the peak corresponding to
CH2 stretching vibration of SDS (sodium dodecyl sulfonate)
at 2923 cm1 can be seen. The appearance of this peak suggests
that a trace amount of SDS has been coated on the surface of
AgI nanoparticles.O
ee, 140oC
particles
Ar
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ce of silver iodide nanoparticles under solvent-free conditions.
Figure 1 SEM images of AgI nanoparticles.
644 J. Safaei-Ghomi, M.A. GhasemzadehThe XRD pattern of AgI nanoparticles was shown in
Fig. 3. All reﬂection peaks in Fig. 3 can be readily indexed
to pure cubic phase of AgI with F-43m space group (JCDPS
No. 78–0641). The crystallite size diameter (D) of the AgIFigure 3 The XRD patter
Figure 2 FT-IR spectrumnanoparticles has been calculated by Debye–Scherrer equation
(D=Kk/bcosh), where b FWHM (full-width at half-maxi-
mum or half-width) is in radians and h is the position of the
maximum of diffraction peak, K is the so-called shape factor,
which usually takes a value of about 0.9, and k is the X-ray
wavelength (1.5406 A˚ for Cu Ka). Crystallite size of AgI has
been found to be 48 nm.
2.3. General procedure for the preparation of 14-aryl-14H-
dibenzo[a,j]xanthenes (3a–m)
A mixture of 2-naphthol (2 mmol), aldehyde (1 mmol) and
nano AgI (0.05 g, 0.2 mmol, 20 mol%) in a round bottomed
ﬂask was heated in the oil bath at 140 C for 40–60 min. Dur-
ing the procedure, the reaction was monitored by TLC. Upon
completion, the reaction mixture was cooled to room temper-
ature and dichloromethane was added. The catalyst was insol-
uble in CH2Cl2 and it could therefore be recycled by a simple
ﬁltration. The solvent was evaporated and the solid obtained
was recrystallized from EtOH to afford the pure xanthenes.
All the products were identiﬁed with m.p., 1H NMR, 13C
NMR and FT-IR spectroscopy techniques.n of AgI nanoparticles.
of AgI nanoparticles.
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2.4.1. 14-Phenyl-14H-dibenzo[a,j]xanthene (3a)
White crystal; FT-IR (KBr, cm1): 3052 (aromatic CH), 1625
(C‚C), 1575, 1510 (C‚C), 1253 (C–O), 814, 1H NMR
(CDCl3): 6.44(1H, s, CH), 7.15–7.17 (2H, d, J = 8.0 Hz, Ar-
H), 7.25–7.33 (4H, m), 7.37–7.66 (9H, m), 7.71–7.73(2H, d,
J = 8.0 Hz, Ar-H). 13C NMR (CDCl3): 31.9, 115.8, 116.5,
119.2, 123.1, 124.9, 126.6, 128.2, 129.5, 130.2, 132.2, 136.9,
141.5, 148.1, 149.9. Anal. Calcd. For C27H18O: C 90.47, H
5.06. Found C 90.22, H 5.21.
2.4.2. 14-(p-tolyl)-14H-dibenzo[a,j]xanthene (3b)
Crystal; FT-IR (KBr, cm1): 3047 (aromatic CH), 1619
(C‚C), 1587, 1515 (C‚C), 1249 (C–O), 809, 1H NMR
(CDCl3): d (3H, s, CH3), 6.46 (1H, s, CH), 6.95–6.96 (2H, d,
J = 7.9 Hz, Ar-H), 7.39–7.41 (4H, m), 7.47–7.50 (2H, d,
J = 8.1 Hz, Ar-H), 7.56–7.57 (2H, d, J = 7.9 Hz, Ar-H),
7.78–7.84 (4H, m), 8.39–8.42 (2H, d, J = 8.1 Hz, Ar-H). 13C
NMR (CDCl3): 20.9, 37.7, 116.3, 117.5, 118.1, 122.8, 124.2,
126.8, 128.1, 128.8, 129.2, 131.1, 135.9, 142.2, 148.7, 149.8.
Anal. Calcd. For C28H20O: C 90.29, H 5.41. Found C 90.52,
H 5.25.
2.4.3. 14-(m-tolyl)-14H-dibenzo[a,j]xanthene (3c)
White crystal; FT-IR (KBr, cm1): 3045 (aromatic CH), 1623
(C‚C), 1592, 1513 (C‚C), 1247(C–O), 808, 1H NMR
(CDCl3): d 2.18 (3H, s, CH3), 6.46 (1H, s, CH), 6.80–6.82
(2H, d, J = 8.0 Hz, Ar-H), 7.05–7.08 (2H, d, J= 8.1 Hz,
Ar-H), 7.40–7.61 (6H, m), 7.79–7.84 (4H, m), 8.40–8.42 (2H,
d, J = 8.0 Hz, Ar-H). 13C NMR (CDCl3): 30.1, 35.9, 117.1,
117.8, 118.5, 123.1, 125.1, 126.4, 127.1, 128.3, 129.5, 130.1,
132.3, 133.1, 135.1, 143.4, 148.2, 148.9. Anal. Calcd. For
C28H20O: C 90.29, H 5.41. Found C 90.46, H 5.23.
2.4.4. 14-(4-Methoxyphenyl)-14H-dibenzo[a,j]xanthene (3d)
Yellow crystal; FT-IR (KBr, cm1): 3042 (aromatic CH), 1625
(C‚C), 1594, 1512(C‚C), 1251 (C–O), 1236 (C–O), 811. 1H
NMR (CDCl3): d 3.62 (3H, s, OCH3), 6.45 (1H, s, CH),
6.67–6.69 (2H, d, J= 7.9 Hz, Ar-H), 7.27–7.40 (4H, m),
7.42–7.44 (4H, m), 7.78–7.80 (2H, d, J= 8.0 Hz, Ar-H),
8.82–8.84 (2H, d, J= 8.0 Hz, Ar-H), 8.38–7.40 (2H, d,
J= 7.9 Hz, Ar-H). 13C NMR (CDCl3): 37.1, 55.1, 113.8,
117.5, 118.0, 122.7, 124.7, 126.7, 128.7, 128.8, 129.2, 131.1,OH
CHO
+
Cl
2
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AgI nan
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Scheme 2 The model reaction for the synth131.4, 137.4, 148.6, 157.8. Anal. Calcd. For C28H20O2: C
86.57, H 5.19. Found C 86.72, H 5.06.
2.4.5. 14-(4-Isopropylphenyl)-14H-dibenzo[a,j]xanthene (3e)
Yellow crystal; FT-IR (KBr, cm1): 3048 (aromatic CH), 1621
(C‚C), 1578, 1510 (C‚C), 1244 (C–O), 806, 1H NMR
(CDCl3): d 2.22 (6H, d, 2 · CH3), 3.1 (1H, m, CH), 6.46
(1H, s, CH), 6.84–6.86 (2H, d, J= 8.0 Hz, Ar-H), 7.12–7.41
(4H, m), 7.48–7.53 (4H, m), 7.68–7.71 (4H, m), 7.86–7.88
(2H, d, J= 8.0 Hz, Ar-H). 13C NMR (CDCl3): 23.8, 33.5,
37.6, 117.6, 118.1, 122.8, 124.2, 126.4, 126.5, 126.7, 128.0,
128.7, 128.8, 131.1, 131.5, 142.3, 146.6, 148.8. Anal. Calcd.
For C30H24O: C 89.97, H 6.04. Found C 89.73, H 6.18.
2.4.6. 14-(4-Chlorophenyl)-14H-dibenzo[a,j]xanthene (3f)
Yellow crystal; FT-IR (KBr, cm1): 3044 (aromatic CH), 1621
(C‚C), 1588, 1514 (C‚C), 1246 (C–O), 814. 1H NMR
(CDCl3): 6.46 (1H, s, CH), 7.10–7.12 (2H, d, J= 8.1 Hz,
Ar-H), 7.26–7.45 (6H, m), 7.47–7.50 (2H, t, J = 7.6 Hz, Ar-
H), 7.57–7.82 (4H, m), 8.31–8.33 (2H, d, J= 8.1 Hz, Ar-H).
13C NMR (CDCl3): 36.9, 115.8, 116.9, 118.1, 121.3, 124.2,
125.8, 127.5, 128.1, 129.5, 131.3, 132.2, 136.3, 148.5, 158.7.
Anal. Calcd. For C27H17ClO: C 82.54, H 4.36. Found C
86.27, H 4.52.
2.4.7. 14-(4-Bromophenyl)-14H-dibenzo[a,j]xanthene (3g)
Yellow crystal; FT-IR (KBr, cm1): 3042, 1624 (C‚C), 1586,
1521(C‚C), 1244 (C–O), 812. 1H NMR (CDCl3): 6.45 (1H, s,
CH), 7.17–7.19 (2H, d, J= 8.1 Hz, Ar-H), 7.23–7.31 (4H, m),
7.39–7.41(2H, t, J = 7.8 Hz, Ar-H), 7.44–7.49 (6H, m), 8.16–
8.18 (2H, d, J= 8.1 Hz, Ar-H). 13C NMR (CDCl3): 37.1,
116.1, 116.9, 117.8, 121.3, 123.1, 125.4, 127.2, 127.9, 130.1,
132.2, 133.7, 136.9, 146.5, 155.9. Anal. Calcd. For C27H17BrO:
C 74.15, H 3.92. Found C 74.31, H 3.71.
2.4.8. 14-(4-Nitrophenyl)-14H-dibenzo[a,j]xanthene (3h)
Yellow crystal; FT-IR (KBr, cm1): 3041 (aromatic CH), 1622
(C‚C), 1583, 1548 (NO2), 1348 (NO2), 1242 (C–O), 809.
1H
NMR (CDCl3): d 6.61 (1H, s, CH), 7.43–7.45 (2H, t,
J= 8.0 Hz, Ar-H), 7.51–7.53 (2H, d, J= 8.1 Hz, Ar-H),
7.59–7.61(2H, t, J= 8.0 Hz, Ar-H), 7.68–7.70 (2H, d,
J= 8.1 Hz, Ar-H), 7.84–7.87 (4H, m), 8.00–8.02 (2H, d,
J= 8.0 Hz, Ar-H), 8.28–8-30 (2H, d, J= 8.0 Hz, Ar-H). 13C
NMR (CDCl3): 36.9, 115.9, 116.2, 117.1, 120.2, 122.5, 124.8,O
Cl
 free, 140oC
oparticles
3 f
esis of 14-aryl-14H-dibenzo[a,j]xanthenes.
Table 1 The model reaction catalyzed by various catalysts at
140 C.a
Entry Catalyst Time (min) Yields (%)b
1 None 240 0
2 AgBr 90 50
3 AgI 70 70
4 CuCl 120 40
5 NiO 140 45
6 CaO 160 50
7 AgI-np 40 92
a The reaction was carried out under solvent-free conditions.
b Isolated yields.
646 J. Safaei-Ghomi, M.A. Ghasemzadeh126.1, 128.1, 129.7, 132.6, 134.1, 135.9, 148.3, 159.1. Anal.
Calcd. For C27H17NO3: C 80.38, H 4.25, N 3.47. Found C
80.54, H 4.31. N 3.28.
2.4.9. 14-(3-Nitrophenyl)-14H-dibenzo[a,j]xanthene (3i)
Yellow crystal; FT-IR (KBr, cm1): 3045 (aromatic CH), 1649
(C‚C), 1626 (C‚C), 1551 (NO2), 1344 (NO2), 1241 (C–O),
811. 1H NMR (CDCl3): d 6.60 (1H, s, CH), 6.65 (1H, s, Ar-
H) 7.41–7.43 (3H, m), 7.47–7.49 (2H, d, J= 7.9 Hz, Ar-H),
7.51–7.54(4H, m), 7.63–7.65 (2H, d, J= 7.9 Hz, Ar-H), 7.83–
7.87 (4H, m) 13C NMR (CDCl3): 37.3, 116.3, 116.8, 117.4,
121.1, 122.3, 125.4, 126.9, 128.2, 129.1, 134.7, 136.3, 137.1,
138.2, 146.5, 147.9, 158.3. Anal. Calcd. For C27H17NO3: C
80.38, H 4.25, N 3.47. Found C 80.61, H 4.38. N 3.20.
2.4.10. 14-(3-Hydroxyphenyl)-14H-dibenzo[a,j]xanthene (3j)
White crystal; FT-IR (KBr, cm1): 3441 (OH), 3060 (aromatic
CH), 1623 (C‚C), 1581, 1514 (C‚C), 1244 (C–O), 819, 1H
NMR (CDCl3): d 5.54 (1H, bs, OH), 6.44 (1H, s, CH), 6.77
(1H, s, Ar-H), 6.87–6.91 (3H, m), 7.11–7.13 (2H, d,
J= 7.8 Hz, Ar-H), 7.22–7.26 (4H, m), 7.37–7.41 (4H, d),
7.51–7.53 (2H, d, J= 7.8 Hz, Ar-H). 13C NMR (CDCl3):
36.8, 114.9, 116.8, 118.3, 121.5, 123.8, 125.2, 126.1, 127.2,
128.3, 128.9, 130.5, 132.5, 135.1, 136.2, 144.2, 152.7. Anal.
Calcd. For C27H18O2: C 86.61, H 4.85. Found C 86.42, H 4.98.
2.4.11. 14-(2-Fluorophenyl)-14H-dibenzo[a,j]xanthene (3k)
White crystal; FT-IR (KBr, cm1): 3067 (aromatic CH), 2925,
1623 (C‚C), 1591, 1481 (C‚C), 1243 (C–O), 749, 1H NMR
(CDCl3): d 6.81 (1H, s, CH), 6.84–7.27 (4H, m), 7.41–7.50Table 2 Effect of solvent, temperature and catalyst amount on the
Entry Catalyst (g) Solvent
1 None Solvent-free
2 0.05 Solvent-free
3 0.01 Solvent-free
4 0.02 Solvent-free
5 0.03 Solvent-free
6 0.04 Solvent-free
7 0.05 Solvent-free
8 0.06 Solvent-free
9 0.05 EtOH
10 0.05 CH2Cl2
11 0.05 CH3CN
a Isolated yields.(4H, m), 7.59–7.63 (2H, t, J= 7.9 Hz, Ar-H), 7.80–7.84(4H,
m), 8.41–8.43 (2H, t, J= 7.8 Hz, Ar-H). 13C NMR (CDCl3):
30.2, 115.1, 115.2, 116.7, 117.9, 122.3, 124.4, 125.1, 127.1,
128.2, 128.6, 129.1, 130.9, 131.1, 131.5, 132.4. Anal. Calcd.
For C27H17FO: C 85.55, H 4.55. Found C 85.41, H 4.63.
2.4.12. 4-(14H-dibenzo[a,j]xanthen-14-yl)benzaldehyde (3l)
Pink crystal; FT-IR (KBr, cm1): 3060 (aromatic CH), 2923,
2852 (–CHO), 2765 (–CHO), 1691 (C‚O), 1595 (C‚C),
1513, 1243 (C–O), 819, 1H NMR (CDCl3): d 6.58 (1H, s,
CH), 7.17–7.19 (2H, d, J= 8.0 Hz, Ar-H), 7.42–7.45 (2H, t,
J= 7.8 Hz, Ar-H), 7.50–7.68 (4H, m), 7.70–7.78 (4H, m),
7.82–7.86 (2H, t, J= 7.6 Hz, Ar-H), 8.33–8.35(2H, d,
J= 8.0 Hz, Ar-H), 9.79(1H, s, CHO). 13C NMR (CDCl3):
33.5, 117.6, 118.1, 122.8, 124.2, 126.4, 126.5, 126.7, 128.7,
128.8, 131.1, 131.5, 142.3, 146.6, 148.8, 192.3. Anal. Calcd.
For C28H18O2: C 87.03, H 4.69. Found C 87.26, H 4.51. MS
(EI) (m/z): 386 (M+).
2.4.13. 14-(4-(methylthio)phenyl)-14H-dibenzo[a,j]xanthene
(3m)
Yellow crystal; FT-IR (KBr, cm1): 3046 (aromatic CH), 1621
(C‚C), 1592, 1510 (C‚C), 1228 (C–O), 1156 (C–S), 815. 1H
NMR (CDCl3): d 2.81 (3H, s, SCH3), 6.42 (1H, s, CH),
6.82–6.84 (2H, d, J= 8.1 Hz, Ar-H), 7.34–7.42 (4H, m),
7.51–7.56 (4H, m), 7.66–7.74 (4H, m), 8.24–7.26 (2H, d,
J= 8.1 Hz, Ar-H). 13C NMR (CDCl3): 31.2, 55.2, 112.1,
116.9, 117.1, 121.9, 123.9, 126.5, 129.1, 128.8, 129.1, 130.9,
131.5, 138.1, 147.5, 156.1. Anal. Calcd. For C28H20OS: C
83.14, H 4.98. Found C 83.27, H 4.86. MS (EI) (m/z): 404
(M+).
3. Results and discussion
The reaction conditions were optimized on the basis of the cat-
alysts, solvents and different temperatures for carbon–carbon
and carbon–oxygen bond formations. So the model reaction
was carried out using 4-chlorobenzaldehyde and 2-naphthol
(Scheme 2).
For testing the efﬁciency of the catalytic activity, we
decided to focus our initial studies on the coupling reaction
of 4-chlorobenzaldehyde and 2-naphthol in the diverse cata-
lysts such as AgBr, AgI, CuCl, NiO and CaO in this conden-
sation reaction. As a result of these experiments we found
that AgI is the most effective catalyst for this cyclizationsample reaction.
T (C) Time (min) Yields (%)a
140 250 None
r.t. 250 None
140 110 50
140 90 55
140 75 65
140 65 88
140 40 92
140 40 92
Reﬂux 240 55
Reﬂux 150 45
Reﬂux 120 65
Table 3 One-pot synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes catalyzed using nano AgIa.
Entry Aldehyde Product Time (min) Yield (%) M.p. (lit. m.p.) (C)
1 C6H5 3a 50 85 181–183 (182–183, Kumar et al., 2010)
2 4-CH3C6H4 3b 53 80 227–229 (227–228, Kumar et al., 2010)
3 3-CH3C6H4 3c 60 82 196–198(197–198, Mirjalili et al., 2011)
4 4-OMeC6H4 3d 55 78 203–204(202–203, Kumar et al., 2010)
5 4-(CH3)2CHC6H4 3e 60 75 152–154(152–153, Kumar et al., 2010)
6 4-ClC6H4 3f 40 92 287–289(287–288, Kumar et al., 2010)
7 4-BrC6H4 3g 45 90 295–296(295–296, Kumar et al., 2010)
8 4-NO2C6H4 3h 42 95 310–312(310–311, Kumar et al., 2010)
9 3-NO2C6H4 3i 45 88 211–212(210–211, Kumar et al., 2010)
10 3-OHC6H4 3j 55 75 262–263(261–263, Kantevari et al., 2008)
11 2-FC6H4 3k 50 85 229–230(229–231, Fei-Qing et al., 2007)
12 4-CHOC6H4 3l 50 90 252–254
13 4-SCH3C6H4 3m 55 85 264–266
a Compounds 3l and 3m are new products.
Figure 4 Recoverability of AgI nanoparticles.
An efﬁcient multi-component synthesis of 14-aryl-14H-dibenzo[a,j]xanthene derivatives by AgI nanoparticles 647reaction (Table 1, entry 3). Therefore, in continuation of our
research we run the model reaction by use of silver iodide
nanoparticles. Morever, nano AgI afforded excellent yields in
shorter reaction times in comparison to bulk AgI (Table 1).
The increased catalytic activity of silver iodide nanoparticles
over the bulk AgI may be attributed to the higher surface area
of nanomaterials. Also the reactivity of a catalytic nanoparticle
is largely determined by the energy of surface atoms, which can
be easily gauged by the number of neighboring atoms by the
bonding modes and accompanying energies of small molecules
to be transformed on the nanoparticles surface.
During the optimization of reaction conditions the model
reaction was performed in different solvents and also under
solvent-free conditions. In accordance with Table 2 no product
was obtained in the absence of the catalyst (Table 2, entry 1)
and in the presence of the catalyst at room temperature (Ta-
ble 2, entry 2), Table 2 indicates that the catalyst and high tem-
perature are necessary for the reaction conditions. We found
that the best result was obtained when the reaction was carried
out at 140 C under solvent-free conditions. Also the resulting
of table 2 shows that the optimum amount of the catalyst was
0.05 g (0.2 mmol, 20 mol%) nano silver iodide.
To study the scope of this procedure, afterward we utilized
a diversity of aldehydes to investigate three component reac-
tions under the optimized conditions. We observed different
aryl aldehydes could be established in high efﬁciency andproduced high yields of products in high purity (P95% by
1H NMR). In addition, aromatic aldehyde bearing electron-
withdrawing group such as NO2, Cl and Br in the p-position
reacted very smoothly; in contrast, reactants with electron
donating group (such as isopropyl) decreased both the rate
of reaction and yield of the corresponding product as shown
in (Table 3).
3.1. Catalyst recovery
After completion of the process, the silver iodide nanoparticles
were separated by simple ﬁltration and then AgI nanoparticles
were washed three to four times with chloroform and metha-
nol and dried at 70 C for 10 h. The separated catalyst was
used several times with a slightly decreased activity as shown
in Fig. 4.
4. Conclusion
In summary an efﬁcient, facile and economical method for the
preparation of xanthenes has been developed using silver io-
dide nanoparticles as a catalyst under solvent-free conditions.
The products were obtained in excellent yields and the reaction
times were signiﬁcantly reduced in comparison to using bulk
AgI. The present protocol represents a simple and remarkable
method in the three component reaction of 2-naphthol and
aldehydes for the synthesis of some aryl-14H-dibenzo [a.j]xan-
thene derivatives in the presence of novel nano-scale materials.Acknowledgements
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